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[fii#Jll] attftJStt^t^ffitt^tfii^fefllJSS 

li^raw^^awiSit^aiTc^w-g-^^** 2 o m.^%vx 
[r«£2] lWEfisis&me^o is it *wffi 

»*# 1 E*»aaES«flEo 

[is** 3] itriefia^Jse?-^, Co, pt, s 

nu F e, N i , Cr, Mn, B i, A U JSitfifl 

1 Eft<oa*(Ef»il#. 
[**A4] «rE*«H4'*"#^*-te*M - G (Mli 
Si, A U Z r , T i & i B ri- £i£ £ ») iStfft 

I«*i5] lWEffitt^e^OfflE^Sfttt**!-!;** 
i--&5£«^* f 0 . 7 JilT-C* 4111*51 1 E«©»*CE» 

[ft *« 6 ] ffirESStt^JRe^f-W^SI^^^EffittW 
R<&RJ?#lfl]K?&oTSEfl:L-Cv*4R#:E l StOS^ 
Eft&fe, 

[i*«7] iitrEatt£*tt^oRWrt<a¥*&tig 

1/10 J0LT-C*&fl!*£ 1 E1R«>a*tESMKfc> 
[ff*S8] «rE«tt»BtO«*«fiL*** 1 o-*n • 

c mJtt±T*4BI *S 1 EftWflRStESflEflSo 
[»*«9l . att&MH t £#att#*J-£*<b«J«£ 

ii4att»R**+4a*Eafltfrt, aiMnaifttn; 

mtZm® L T«rE»»E»«tflS3i» <Olt-S§- * S&1" * 
afc^v K'i;*:*«1-4««E»lf^*6ll-e'*or, fj 
IE«ftB8«#li, WE^att^W-oaK^lWEattft 

*tl*#ttiJ J: CflBflaS;*#tt** LTfc I) lWE^a 

ic & 1 1 ^ ffi Ea&&« &=f- n <o * o at±£js 

So 

[w*a i o ] iwEa^Ejiafr^iWEa^^ ? k t 
«Mi-*«sm£ffl £ft*is*^ 9 E«o«atE»?f£. 

[0 0 0 1 ] 

a5a-f -t\ a^ 

[0 0 0 21 
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#i:/n- Kf-f Atm&izto^xa. a^Ei^ftU** 

Tit. ioi*^itt^*i:. Sfc-ciil&»«fl:l 
sO*|v>CoPt4 £r*>Bti£R«)SRa»E»* HJB 
t^ftti^, L^U c*i<baat±&JR&RiiWtftft 
SSl-***:*. Eft- KfcwW^lSClBfcaa 1 
4tSri>i^:, at£&«VR±l=affaftSJi£Ifi: 

;^ttlt-<?)l:7A-X15S54 ! 2 G P a "Cab 4 S i O2 

[0003] t;4T, a«E»oaia±» 

i§5&S U 4 ti tf4'4 (i t\ mm ■ 7 K t EfiH t 

c0S£8t (*^- < 1-4^^***^0 L jJ* 

^ y K t <fc &att&R&Ra&ffl0%¥(;tttf;!J|] 

CLTt «BB frtttt & IS <| »*KffcK# LT«>*Ktt 

[0004] -f-i-c. BERwaftttattflstffl^^-caik 
*o t n-c v» *Bt.f fcttattttoa-ffcofcii/h * v»t*, « 
30 [0005] iwft6u.fe. ^mzm-zmM-tztzibi,- 

*ic^tBf1-4^g^*4o it, -fti:*S±i:Bttil 

§i£ffMi-&i§£\ att»iiF«3»f-j£:.»A f *i:ratsw 

x^htztb. z>° 
[0006] $ .ssassoa^y Kt Lra 

««tft (MR) if^ffl^ttWfflS^fttl'i^ 

*4t, MR»^u^:l;ffiA f ifLar.^.u/ Kj&<fflj»l-£S 

40 fiA«** 0 attSR^ttSkfr-e***^!!, aa 

f I ± W e> n X v ^ W tmX^ X' & h a 
[0 0 0 7 ] 

[£9§jW»ft L J: ^ t1-*»«] *iSWIi±Em«.«S: 

so Mfe-rztzftlzZZtifzlitOX-i}*) ^ &Wmti&* s ' s Sf(k 
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[0 0 0 8] 

4 fc**5#g] #«9Ui, att&JRtt^ 

£ t <b «J£ S a * aii&K £ #1" 4 a$lE 

»«tl*K4jv»r, ii&E#ate*;H-tf5ffifl*a i iJlrEai±&* 
feT-wtlSJ; ij < , flTEatt&WIFf-tfS^Ra* 

**t±fc j: Efi»fiaiM*#t£*-fr ltu i , «ria*att 

mt iz is it a m ieati&se^K <r> ^^<om.^myt 

[0 0 0 9] *aWW«*ES«flcU*Ji/»-C. at££JR 

c^ftnaitsft, r#e», mmimitzimmm 
amtfci>io tfc* *%w<Dm%.tmmmt. e»- 

7 K#a*uBMK** <■> ^l'?*^5^o v^-r <i tz t mm 

-tzzt vx- # * o •; .-. 

[0 0 10] *ftWO««E»flEflt^iiV»r, 

tt^iijgttffliicll^rttij <t im B B B a^ll;>j14£*-r * J: 
*4W±, att&KJte^liJBttajKJI*^ 
^^4^— 7&* 1 04 J /m3 »iL< 14 5 x 1 04 

1 05 J / m 3 J^±, #i L < 14 1 06 J /m3 tJL±T- 
&4 i -5 Hi" So 

to o i i] »tt«*n^ttteae$t**i4 

£ 4#t£OJif Btf*at±ft<DJg#;t; ±it co^ff^a^ 
ISJifllfiK J:4tO*«eB-?iajK#l*tt-C*4 0 W 

j^a^n^tt* 1 **. c o ii*SB E B «£±<o&-2> 

t£*»*4o ifc, aifcSft^v^fttBlt&^ftKaft 
£ ft It 4 W H & i * ^ *~ - W II 7^ a^ll^te ^ * 

* * § v> t , Eft L fcttfffi £ L T fSH* 

■|4^1«Eft«#i:i:oTjffi LvBMM*tt**»c, 

;ft.4o 

[0 0 12] #*iPIoa*E»JtflsKi$^-ci±, «x. 

^■c, Sifiafbilti-4c:i:**-c#4o ifc, at£& 
*S?i:CoSt4<:fflv>r. Ri? tS (aj^ttfiW C 
fr< iTi:Sfi?tl,zti:iot 1 ra#tt::£i£attBl 

**il[ajR**tttai4»l)H:##-f 4 it i 

fc, • *sno • ft^E»fflwu»r*iwa*E»«fl-^ 



4 

att^JRtiT-^iiiP^iflii-fflftoKttSr^rL, 

a^S*ttoffl*?i*c ioti^l &a4KJ*tf14* 
fti:t#-cl4. :o*lr, «a#£;*;£i < -f4 - £ 
fiiiaEO'hS*, J: 0*«SWE»**-C§* 

[0 0 13] ft*f-E«fflOjifl-0*"S-li» *4fia<7)S 

a:a»**tt* , "ff-r4*5J t a5*«E«»-a[L-cv»« tt 

L T v > 4 ate&JRtt^ #RI¥#ft JBtt * *-T 4 

^#$^ffi]#t4, a«E»«tfl-*«*i-*#ft, f^«* 
[0014] *%wvm%.mmmt. mmuitoistzf 

«jfi*fLrv»4 0 *att«#**att»BtoRjp*iai*jj: 

y r ^ffii*i^f&ii-ii^Lr#4i-4 fcv»^ c t!4, ^ai± 

5i^niJJt4*att**tii, ai4»m^*<7)«MW?ia 

a * WffiS^ffl * 43-Br-r 4 «« * ffl o -C 4 „ 
[0 0 15] att^flSe'f-i: LTI4, fi»aft I sjS** 

30 n tcbcotLX. Mx.l£C o. Pt, Sm, Fe, N 
i , Cr, Mn, B i, A U i tz 14 - fl h O-g-^ S-ffl 
v»4-t**TS4o til:, *#^^ B B B a^*'tt : £-*-t 
4CoPt, SmCo, CoCr fOC o*^-^, ^ 
^>UttX7-j^-ittJMn Bi« Mn A 1 ^CO 

a*« i ttS-IWSP-*-4ifl«j-C, PeUiJC 

/S^(4N i fcrSJDLT t^>. 

ifcll^U, a««Ftt*|fil±**4 3ti<>n. Wit If C 
r, Nb, V, T a , Ti, W, Hf, In, Si, B 

[0016] att&wK?-<&j&tfcii, ^n^rts 

ff^a^^t±4-f6]±?*4 7 t ,a6lcRttfc, 0*e 
»P3fl-JB«*-e<>Av»e att&Wtt^'l. E»*it4ttf 

$8H LtztfoXWrm.<Oj}\t>} (CTx.14", ji^ffioffirt, 

zni: «t i9tfilK^EiS?a4o at££SI*£^£, 

<-wfttt*r6i* t a*Ea«tfl-*ssoffirt*ifin-ffl< -t ^ 
uE«-i-4tffirtua<fc*n^-i-<, a*E»«t#iEffi 

50 *[&iicaft:S^^< 4 4 = 
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[0017] m%mmmzm%.^ ? vtmm ttz t # 

<omm £ R5 C t t § ft £ £ a Ui&^Eii&ft 
Slf*^^ i o<n&mt LX&fci&mir z> z\ ttf 

& o 

[0 0 18] Z<D£ottWl$.frb, ^Ittfti LXlt 

w T\ Mli S i . A 1 , Zr, Ti, In, SnisXW 
B*>c»44BJ: "j «*? 3 *t 4 4? 4: < ' t & 1 «"C* <0 , G 

< t lit^io A#Mi-ii'r'S' : i -o, ai-o, 

Z r-O, T i -O, Si-N, Al-N, Zr-N,. 
Ti-N, B-N. S i-C, Ti-C, B-C, Si 
Al-ON, Si-ON, AlTi-OC, In-Sn 

fist (OS i 02 A^-f 4tf y *-^.5SJS2 G P a tfBlS 

[0019] i^, #ffii4s#os«*ffiffl«tt£ft± 

fc, «sn5c** f «e ; f-wttiB-c^«ite*i-f'i-ff.« lt 

[0 0 2 0] *»WKistt4«1!fcaflRli, sstt^flse^- 
* * Jo *. 4 , ffitt^JRtt^-- i INBfteW iKRC 

ap s * * u , im&mt + <omu7tm u m 

it&m&l-ftizit^X l/i 0JST, J:ij»4L<(ii 
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[0 0 2 1 ] ffitt&*e^fc#SBte*#fcd»5>4:4«tl 

*§{ 4 urii, 

^f^IwiltA'TH, &«i:5814>$|g?i:0 
tt**1-4THk*«rffl^»4ii:*«ai Lv» 8 Sfc, 

mm&<ommi.zti^ ■&miz&cxmB^ dootv 

(1 nmM±) M» T#«81±##»:: TV' 4 £ 
t5>*M*L^o £*Ui, «^*ggi;£iS*!>4rt:ttr& < . 

X £ fg« $ -£ 4 /- 46 T- h 4 o 

[0022] mufafrbKZTmmu, m&mmizmm 

20 TSfeSSrfflv»TlSIE«r^ft-r-&^ffi, * 4 i/MiffltfkO 
[0 0 2 3] *Btt#*»c>4:4T*««i, Sftift^Wtt^ 

14 & ft *i ^ w 3f a «> *s B B a « di w « ^ n m \z & ^ m 

i&mn*n!gigk<nft?rBmzfflffli-zztrf^&x'& 

li $mi±mi <o a B B & * 4 v MS r ■=& ;u 7 r ^. 14 4- L 
tUv'o 2 fc, <0*tt»«E A* Kit-*"* » 
-i-iHi. 4^-H|iBO/hSv»»8l*«vM±aaf«:»BI*T 
»*t LXm^iT-ii'X^o ±EO«tt#*»'b«:*.T*Ji 
^'*Bttflt*'b'fc4TiaJil±, mJjntt'P&Wkitil.X 
vtUt'o -ffcfe*), J8ti^^'b*-5TftkJS3i*«8tt^ 
Jge+<o^ B B B i±4$Ufflii-4#l44-*Lr^T:4 iv>o - 

[0 0 2 4 ] *56^oBajR;E»«t**u*iv»r(i, i81±^ 
fluted t *ffitts*t t Fai . mii^Jiifi^ t #«ft* 

^•*4vwiimi4S*tcr)^4- < t fit s£1-£7n?$i 
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t # t «• i&^ftt i:^t:»lt * t ^ 

n&X-ftt Lv»„ 

[0 0 2 5] **iP!Kim4»tt*Ri;J\ ®tt^S*tlH- 

« o ( a ) m&&mm<n t-r-y v immm 

<D9 -Y-y h %t*y 9') >Vo ( b ) 

<n±mm<ni>-Yv y*m*<\ ^Mttz\t^M 

[0 0 2 6] -g|5<73&«tK», £M*tz\± 

(a) atv (b) ©#-&-t=iiv»r. sstt^we'j- 
-g-a-rnsij^o^-y v HUE 

<, W*mfrEI M:S1L 

[0 0 2 7] w*ifcW»RJBj£#£T'»±, - 

^^-J-taStiitCi^ i if ft 

atttttW * * t;tttt u s -a- * i t * f -c # * o i > 
[0028] ioti. mttftRST-oBwa***!* 
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[0029] immmmtLxa, mocvd 

ho^mz&^x, -&mizfc\:x&fa±.\zMffi2ixfz# 

tB£-t±"C<fc> <fcv% 
[0 0 3 0] «tt»R**«±UJB*i-4IR»c. 

£ s Etft:, ±IE«**:«#SE1iiffl|-C**< L, S«# 

[0031] *%w<r>mmmmmi, a*«)«3tE» 
20 ( i ) &mmtz x 4^-^- \/yyu7,<r>mn 

o 4 i> tz ft t - ; R*«*fl- 4 ^MStJ5*SSr^r-T4 0 

^ O » , 66* O «»8S»«Efr -CiK-a -C * ■» ^ fttl* * 
^iti'^H*** < 4S. seiS ■ Ki:lK145f Rt 

T-i±, roMPl75 s ^:< 4 < CWitli, x^--> 

30 mt-fzm&izit, mjummtet^v Ktoe«**: 

icoti^, SS-lt»Ri#waKl±fife*w*RWR»=»l- 
(2) JKflsy -^XcofiM 

[0 0 3 2] ttf*OE»li«SlE»«lt*±«-R<E«BEE*: 
fwx kf >li|5] 4-[6]^ti3 •) , ^y K^*b<7>»|^ 

50 U £ oTSSalflrtTlit-JISlEFl-KiE^So LWoT, 
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X'&> d , i <o«^<7)*a ^ vmn i e»+ ictiaot 

^t^KiS/ -f XcoJSBi:ft£o &t£SSJg|-cii, — jftiz 

i, f£*oB*iE»tt#<i, iorJiaiiffii snr* 

m*Ijgic i T-St-t £ t a*-? § r li ^ & a*, m^jtm <r>\Fu 
ft« CO fc A iZ 68^ ft ft fcfc'liSE^'T? l± ft < , & - & 1 0 

EaflEfrt-ttiWlWH* 1 *^,, i-fcfc*,. ffitt6A^M 

ffiSf^ffl^eft-C/h^^o 20 
(3) KttO&ifcpaMtttt 

li, «a*IB*iiEflso«tn:**«Ma^4r*o 1" & 
■flt — >7 KBOtttUIiES • W^SS^^atfltOT** 

[oo3 3] '&*<o&%mmw<nmm±, &mmm± 

BStE»«H*l± , i8t4&«fii^- £ #'B14«*J- t WrS-g-tl 

[0 0 3 4] Sit. t£*©£«SK«#**tf-f 4±EW ' 

+ K#1ftLTfc4»ttSRa*«*&ilTV>4 (USP 
4, 9 7 3, 5 2 5) o L*»L4:i4 f 'b, 

li, 7 0 0 - 8 0 0 K.llJDSftL^^SiH^/^y * 'J > 

^-rt*^ft i)/h$v*tt-CS)Si t^Cjft-CiJ <9 , i 
fc, «ttt*®Ui£<, ffiftEattttiCd&S&ftfiSA* 

f#^it(igtLv^ 0 HiffiWT-lil k O c1g.%.cn<&m.t}tf 
ftbtizz trftimztix^^&tf. :ftiiiMl^i:J; 
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7 0 0 -8 0 0 Ktv^gL&graSli^&lc^- 
iM<o^ttt5«T-, ft t** 

X.*^ -•>*<£> ft V^o 

[0035] *%:W<?>M%.mmft-<Dmzm\ 

[0 0 3 6] £t^H2 lcisv>-C, A'v^Sfil l±i:ii 

3 fc«ttSR©*3l±l 0 0 nmJGlT. ^Cli5 0n 
mJ^T, * *bict±2 0 n mVlTX&Z, Z\ ttffti L-V> 0 

[0037] *%B^cosi^;fieii«^^if)$;-t-5.att»ii 
li, a-tt&jRte^t^isttfttttoa^fl-t^fti-c 

.o-CV^;^'^ t>fci9>-5 r 3 — 1 ^g-g-J i/ili T3 
-2*g-^J t?*4twit.S 0 -*0i -5 4^-g-^li, ^ 
* <0 fig^f imm tt-X li *a 5> fi X v > ft v > o 
[0 0 3 8] *«W0885KESM9t#U*v»r, 

-f * 'J&S*# «: L X ^ h t fi h o 

[0 0 3 9] *%^0«AE««tt#(i, SSt^jlfi^t 
#«13: fc L T ?IS L T v > 4 m& * * -r ^> . • 

Mf&-ti>z.t\mmx-3bz, 0 Ltztf^x, mtztemfitf- 
t $ma.9M t wan s ft-fcuisa* t -r ±aofij.« 
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[0040] m&&m& z ?w$:&&±v t im 

ov*riJlW1"*c, El 3 (ill 1 K^I-fllJSKfc^r, fiStt 

us i o*fflv^-a*u^tt*ae^»»3»R^aas! 

WT-ISaa (TEM) HJiS.anRTBfftSr^i-EI-C* 

So is* 3 niicc op t ^^^^iMiSfifs^ 
^ l> 3 2 i±ics i o^f>**^fiatte*tSB*^i-o 10 

[0 0 4 1 ] 14 (iEI3 + <7>A- A*ft±OS i t C o CO 

*gEi$ff \z± o r ta 3 <D m tm^tzn & £ £: rt*r- § & „ ffl 
4 4HCli[H3 J: ty#mZti2>mi£&fc& : J L &3 1 is X Z>* 

3 2Wtsu*So #5&93«oflB»i2 

is ^ r , k £ it £ SSIifefeflia^lffl o 

WfflS 3 2 OS**£>**«B8 0%O^it«:V^ o J 

3 1 -C0f|*O**SI5 8 0 %^fIitOC iSi/Mo ifc. 
■ Ccoffittf. TIT E MI-CO A - Att^Itf jt: J: o 

-cj£$***4&<o-e. ±sa«oj^w«rtt»iitfor, -to 

[0042] H 5 li, p 3 fc H^ffljffi"?. ISE^ltt 

<t)¥IT EMfjfc**r*-|2ir&& 0 0^3 l ii±cc o P 
t ri^fc&«14£JKa^8B«:^U' 3 2ii±tcS i Ori* 
^^#ittiM**L, 5 ll±7^e^7r^CoO 
^?>&£#H/i£^-f o 113 <7)±&^<hfW]$U^ ifL^O 
ffiifrii, ¥ffiTEM±-C.W5t(C|EgiJ"C§*o ifc, IU6 

So aeos-g-oastt^wtt^***^. *«3 1^ 

[ 0 0 4 3] OKtt^JRlB^*!. 

o«u^»t-6*att**to#3E««<oai47c* (Co) 

0«14*jRffi^H«i^«tt«#*K«L, Col^OK 
^ %0»-&OSE*«Ef*fflO«a#«r 1 t Ltzt #Offi 

5, 10, 2 0JH : F%cot §H V jtSi^-e-ix-ptiO. 
9 9, 0. 9 7, 0. 9 5T*i^ 5 0 tz * & <h 
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#SpI^omtt7C»OI^SJKii2.0S : f-%i^T, «Fi 
KlilO%WT, ± 0#£ L<li5%KJLT-C*&o 2 

[0 0 4 4 ] 13 8 111*, HSOM^isttA-aBEtt^JReT- 

o^sct-Jstt-s s i fiKW-raa^n^fti*;^-- 

OJEitS-^i-o S i W0I?%(?)I^^ 1 <h Lfc«# 
tt'Sto I8)5^&^J:^:, S ili«5, 10. 

0. 9 5, 0. 9 0, 0. 8 OT** 2 0Jfg^%i^± 

rtic o p t o#oa^^*tt-x^^^r-^*s-tw?i§ 
««e»«#4: Lroa«#tt£*£^r 

L<t*10%mT\ i OffS L< (i5%i^rr*^ 0 2 
*coa^#1±0*'ft^o^^or Li 4*. _hfS7C 

*ffift«*-ctT0 3i*. 1 o o nmuira 

[ 0 0 4 5 ] *«WO««ES«ffH-fev»r, Jgttfflt* 
Hf^L^ «tt^«e?o®iRtzovvr s 

U = 1 / 2 /i 0 * N ■ I 2 * v 

x. y, z«*fRjOR«*ff'aNx , N y , N z ii 

Nx =N y - ( 1 -Nz ) /2 

U = 1 / 4 ^ 0 -Is 2 .-v - ( 3 N z - 1 ) cos 2 
^ 4- c o n s t . - 

S(± ( 1 - 3 Nz )-\zttmi-Z>Z. tWfrfr&o M 
'tt«jK**tt**«*U«:*^(4N z -0. ft/hKfc**) 
l±Nz = l/ 30tlt*& 0 ztttCT&orMR^lie 

<fc (l-3Nz) tO^^^P^^t. r=K 1. 
5. .2, 3. 5. 1 0 izHLrtft^fl ( 1 - 3 Nz ) 
= 0, 0.30. 0.48.0.67. 0.83, 0. 
9 4 t fc^fe. r*M. 5ia±r*tLi^fi 

*0®«ffi«»^tt^fil?3 0%, S^(Zr*«3Jtt±T 



8 - 8 3 4 1 8 
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[0 0 4 6] **8U*»t4«fcE»Jifr*ffl<'* 
T*f*EfttSiat * fcfti:. fc-f* & 

(i) as** * 

p = 2ffa. 2 / 0/3 • (2a 

[0 0 4 8 ] a<Efflv»<b*i-CV>4*Slttar5»Ka»»E 

i*t^<Olt«-ftALTff»-rs t pliO. 7 JiiT" i: ^ 

•5KI±, ?E«^<Offiti0. 5 JiLT"C*Sw fcWi L 

v^ 0 U 3£iI$O{K2J§£t<0 1 <>X$> •} , p ©tl 20 

« (i ES^C K 7 <i -T v X -r A <0 ftlfc £ d T * f 4 t <D T* 

GOJ&ffi** <b M/cEiFlJ** fcclhcp J^^r-* oTi, 
iHlttoaa^ibCCOi d ^5E**«7)ffi0. 7&T"C«Btt 

&<& s * e* u*tn» l x m * <o#t£ * &m-t 4 - 1 

0. 0 5 &±X'&tU£3tfrX~$>Z> a 
[0 0 4 9 ] 9lx.\t. «tt»R«OiP$*iailc?&or*« 
*fl>!*v»»fl'i:fi:v»a"t* , XS:(rS*t« <t ^ U Sift 3 

-eat, mmm^pi^-f-o^ti^^^^^^tt^x' 

&WtLXft%l>fcj]*m. : &Z*kZ>ZttfX'&Z> B m 

[0050] St; mfamfrbmimmmmizftfrox 

****»fi< 4 4 J: ? K:^t£-£4i:, «*Ef*flt#<0 
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h c pt^iitet^t, 3fe«* p littT-O^S a ^ 
[0 0 4 7] 

fb) 2 ) •;•([) 

it%m%iz$m&znmx$z>o 
[oo5i] iSKx *«sj*»t>att»ii3Effiuiai*»or 

t;i3!t4figftj!i J 7v# < £4£*f>, < 

TV>4*frU.I±, S«imt4ifKi:co^Bt;i5lt4«i« 
t1 s T-§4o 

[0 0 5 2] S fig^'N K t imtiji S 

*-CE»i" 4»^^ li>»tttt}»P«)tfcB It 4 

o-C, ai45fK<OS®i;i5lt4Sg14#jgS : f-<7)#J-g-ifi 

0. 0 5fl±i)ftl«S-f*a o 
(2) **«SlSf5 

m^fi^s-sij^-r4c trfx-% 4o t?ijx.(f x figtts^ 

(±, -f-osB^oigtit^ti Sn-t4<oT% sattslRos^ifi 
itmti 0 5 n • c mW±-r*fc4c:i:7!> J fcf3: L<, $<b 
U^4S;^:^fti*^o^«bi;ii 1.0 ion • cmJiJ: 

[0 0 5 3 ] -73> iT^^&fctcDl&VEWmWkfrhbh 

4c t-V ^^itcfei o /i««f*««jR^ -7 K-^t&^L 
TLiii> -^v K^^-^^?a4nT^'l4* r *4o ^ 

a* J /hgu>t, i;i/fri.4m!;f < 44o L^* ? 



(97 



4*113 ¥8 - 8 3 4 1 8 
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ot\ ^ K*T-?)*«ffc**iitrKoftt\ -Of^ 

X Li n KfW'b^tifi^'J-^^t 
-f£<7)-C»£ L < 4v> 0 *#MKt4. "««»St*Ji 1 0 
-4-105 fl - c mT^K Lv^ 0 _LE 

fl-t Ltii'f > v^$g®Ht:% ( I TO) ttTi^ 
& Q 1 0-2n • cml^l^g^^iat^ 

«*t*f»i: LT14. TIN, T a N, T i C^OiI^£ 

[0 0 5 4] ±a^«#<0«jK«fit*U»1-*S*li. 

&*«14ffi5^t<^RI^i3V^r feRS;l£^«- 1 a • cm 
J£l± K l£S "t tL tf , & £ ttft^fef* T K is v -> x i> ^ y 

(3) 

**wo««bs«#*^ iGb/i n2 £i±oss»K 

fiS^EI** pTffi K-r £ a& K li . ^ 4 EilffiE £ 

KI4, 2 kO eJ3l±<iOH c'«r*i**^ fc3i f »4 g 
*>U, lOGb/i n2 l^^OESS^JtfcitJS-tafc 
*5>t;ii. 3 k O e BL±coh c «:*-f * Cl t**«F i Lv^o 

c liffi^fES^^ KOfi&«fiB3tn8SB s kSfSi 

[0 0 5 5 ] 129 mm h 7 7 ^13 /i nu ft77° 
SO. 2 ^^-y>^*0. 0 6 // nit? 

(transition length ) tlSffi^jHc i: <7?BB« Sr^i" 0 
19 4»<0#tei&tiis{t£g/JMi^\ -e^B s "CfEIlt: § 
&»/h^«E«, 1-*fc^**OE»»«*it«;-C§£ 

1-*3b*>. Bs=0. 8TT-2 2 0 0 Oe, Bs = 
1. 0TT2800 Oe, Bs = l. 2TT*3 5 0 0 ™ 
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Oe, Bs=l. 6TTM500 OeT^^ 0 .:o 
»StE»**^Hc 14, CGS*fiK^7 
K(7)Bs<7)l/2ttT, S??ICJ4 l/4jaT"e*-&it 

(4) ffi1±&R£ESOttttft«£ 
^lRj±-r&3pJ.ft* f **o ifc, »ffiWKfli**J*SIRK 

[0 0 5 6] 2b\z. *8W<o8*ES«#tfflv^« 

^^a^o«ii4uov^t:«ift-i"^o 

(5) ffitfefeWS^tta 

mti -^(O^jfiliz^ ^ ^X is < it^tli < 

T ( t ) = I s • e x p (-t/r) 

ts^^o t ii b# pb^. i s \±mn<Dmt<nm 

X& *) s r (4 

r = r0 - exp (v • Ku/kT) 
"Casti^o --f, ro (4^10-9, kl±#)yw> 
teS, TJ4j»^iaKt?*-6i :^b> -lS (T=3 
0 0K) Hi3V»Tr#||fflfl94E»«^«FlHl 0^** 

fct^^ftii, v -Ku<i. 7x10-1? Jii 
ho SmCoSr0Ot*«h^Kut*9. 5X106 J / m 3 
SrftAi - ^ v = 1 . 8X1 0-26 m 3^^ 0 L/i 
w -cofi JiLiO^HTfetitf, S:^ r U J: hm> 

(6) ffi^t? 7'* ?-<9-*MX 

^DTfgfc ft/hffiE^-f X(4a^E»«#«:2fi£a[ 
fBfiS L?":il X-CM t S - t 

T'^^c 1 GB/ i n2 oEiilSSSritfiEi'&EiSffiE 
(OtSL-fi &}<?>§: 2 it 1 5 0 n m-C*^>C tlf^^ 
(Murdock : IEEE Trans. Magn., Vol. 28. p. 3078, 1992) o L 

11 «t »5/hS < "tixlf. lGB/i n2 &>±<D1&W&U& 



(10)* 
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&1I <r>W*. 9 y x 9 - rfA -£> SJS f & V'i: ^ -< X U ^ 
OnmtlT, & 61- 5 0 n m&TTT*** - i i L 

(7) iaMit?oes 

■C****, ««ES8#U®lftStt4«IZ©J&Kli^ 

ffi i*i <o w-mu®. tf£ffi.m Ltzt - 
o^isit-rxo i /i oWT-c*nif, w^.Bjcoy'-rx 

rtw^ess-^as-rsizji. CTx.iffiSt±if Bg©ii®£ 

tig L tjei4^JS3K^<0®^* ? S ^*I*-C * * i§-£ li , 

w x lims® <r> wmmMM k 1 * * /c i± -s- Mx±.<r> m& 

£«»rL/c&te£«&^<DlB»-t , ¥iS;L, fiSS^e^ 
[0 0 5 7] *5&W(^iJ«t*«tt»K-ei±, 

ot, IE© J: t 4iBltti*a?oegi:i8SCi' 5X 

(8) »tt**e : f-H«3MIBWSmiB38l 
mf&L/: i 7 K, ffite&Wtt^-MoeatWffiSffcffi 

S & ^ t fr/c a h 40 

1 nmWTT^SItWSL^o £^%% 
JKK»Sr*ai-6fc*»-l±. -««li»flaS* f 0. 5nm 
BLTT*4CfcA«J: Off* Lv\, 
[0 0 5 8] 
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tt&jRtt ^ 1 1 2 i a> e, & a atl&Jgl * * 

L/c 0 -rt*3*>, CoP tisi^'S i - O^-^f h «• 
-fflv, 1 P a<DA r #H^4>T- 2 7C|a]B#^/<y * 'J > ^ 
*ftv», 5 0 nmH8««tt»R*jaEJRLfe. -<75«g14 
ifJRIi, C o P t frh%i>mte.&m%LT£ S i -0^<b 

IS S i 02 t-ifi<, i<DMli^^ttlT-2GPa<0 
Vfy *-^SIKS:*r-f a. Sat, £««tt*K*3E3ic«p 
U«L, CoP tO**»#Wtc»«PS*/ii:£%x * 

[0 0 5 9] ±EW«8tt»iK0TEMlBfF l SrfTofei:C 
m 5 KM.hti& £ 7 ifft^Si^SftTto ifc, Co 

7EmT*a S i i3iC/OW-&**l± 5®f%ttTt*o 
fco Sfc, S i -0#lM8tl«#©#J£«*Ki5^T, «S 

IF^%UTt*ot. CoPtiS i- O t<0#ffifl« 
(±, if^4-afiS»*f<0^mc o -omx~$>Z>z\ hifi^-h-- 
ofc 0 ittli, C o P tEgtt^Jlfe^i: S i -0*«tt 

[0060] iwfls-asBtwss^tt-fcaijeLfctw 

SiSffiStS^ttSr^rLftaSH c lift 1 6 0 k A/ 
m (2 0 0 0 O e ) , l&iBieft I s lift 0 . 5Wb/ 
m2 (4 0 0 G) ffl±8l«£TEMtg£IU 
C o P t (Dltmftm&ZM-liiLfzt ?S^^:#l-t) 
fc9T-»i:ft0. 6 5T-*o/Cc att^Wtt^f-W^SSl 

^ffli4Xl 0-25 m 3 -e*o/c 0 -$t,^, 

mfrbmfcLtzm\±£mttt<vmwftn¥ti}m'&ii 3 ~ 

4 n mf, C OMfl-4S»fL-m{S L/C t # Offi^?7^* 
-<7)¥i^gft5 0 nraOl/1 OWTT-*0, 

/ (liOfi?) 112-5. Btt«fJl**1tll 2 : 

1 ~3. 2 x 1 05 J / m 3 X'h^tzo ttz, C o P t 

Miofct:?!, 2X106 ]/ra.3tio/;„ i 

4-iffl^L/ci: 15, ft 1 0 n • c mT**o/c 0 
[0 0 6 1 ] ±EWS814»il«3«Fi4«r|fil±S**fe» 

/Co if, B 4- v35.SD L/cCoP t 9 — Y y Y Zffl^^X X 

;<?9>) > rzfti z.nz£*) . mamWk*<om&£m 

e^lCBSri^SDL/co c<?)ci:i:J:i), «a^j3i t 2 2 0 
kA/mi:|6]±L^. £«0£#> affi&ff^TEM (S 
iim^Sgaii) ici ^flo/ci $fflit®tf'¥<o¥- 

jsjBjftKiiatt^wti^wi-iitta^BaKo 1/5 



(T1) 



4*Ba*P 8 - 8 3 4 1 8 



19 

«e*R^«^f£a»^j& f i«SDL, »1 0-2H- cmi^ 
*K MR^7 Yfrb 'i-^CU iff ^OJSfcJt^ 

^<7)TaiIgC0 1/ l 0^TT'$)o/: o ttz, B S* 
SSflDLfcC oPt^-^7^B £?StJDL/jS i - 0 * 

««[^H*ti-&BO«SjDUi 0 2 2 0 kA/m 

[0 0 6 2] HISH, 2. 5 >f >*<7)f* < XtiXifyA 

ffflv^ti^CSS (Contact Start Stop) StKfcffo 

v>T. HI tra*^^9^*«±C8St£»RS:^JSL 
fco I - **?**, Co. F e is itfA 1 9 h Srffl 

K^^-EE 1 0 %C0A r #H^^-e3 7Cf^S#X/N° v ^ 
Vv^tfru, 2 0 0 nmiSoatt*RS:fitRLto 

2 03 i:av«**t&*i8ttStj't-efl|ffiS'nt:v^ 30 

^mtm^mt^mMt^^t&mx^t 1 2 g p a 

tCSL, F e C o O^SriUlRWUigJB^'iirfcfci^, 

[0 0 6 3] ±EOlft»ROT E Mfi8 tffo t : 
BI5^a?>n*J:d4*3&««S&nfco Sfc* Fe" 

fco A 1 -0#«14«*t<0#5e*«Hi5^-c, & 

^**l±5/g : T-%jaTT-*ofco FeCotAl-Ot 

o-OOT4t-6:l:4Wofcc FeCo 

flitf**^ 8tt»RMo»tt4 f |fil±t4i > i:J:ot 
««IB»«#J: L-CW»^|fiiiL/:o 
[ 0 0 6 4 ] -OBtt»Ro«»;i|*ttS-ffl|SLtfc- 

ffirt««**ttS:*L«»»H c lift 160kA/ 50 
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rru S&fnSMfcl sli«)lWb/m2 "C*ofc 0 &14*gjg| 
^TEMi^L, FeCoO#»56«$tJHii'Ltt; 

1S^«*S : 3 l 0^flC»l±4 X 1 0-25 m 3 -C^ofco S 

tzt ^BS;^7X^-(73^i$tj5 0 nm<£> 1/10 

JKfiHESvS^tefiS. 4-8. 2X105 J/ m 3 t*o 
fco F e C o!8Mie?<7)e 0 9 a S^M^i 

&h)i'?mfc\ l z±t)M t ftiivtztcl?>, 106 J/ m 3 

[0 0 6 5] ±IS^3ttco^-r '7 MlfiDxTS 

^:Cr^-y7F tffluv SS^^El 0%COA r #H 
$WC4 TCfWIBf * U V^tfi^, 2 Onmf $0 

«14»BtS:ffiBlLfco i<3«te»«tli, FeCoCrtf* 

4 a 12O3 tzfiv^aiat^-rsA 

SROMS H c l±» 1 8 0 k A/m t 4o/: 0 FeC 
o t A 1 -O^cO^Mffi^i^ffi^^W^flo/jt ^^>, 
r < m^F e C o -0*8*5 JitfC r ffi^ffftfa £ i ri* 
t>frotz 0 dfUi, F e C oattftJRtt^kA 1 -o* 

[0 0 6 6] ifc, M>f7^^^7 ?V >^^tfo/cJ^ 

ML/:U6, f»^*xfcJ8tt»ROtRffi*l±2 2 0 k 

A/m tttotzc 

[0 0 6 7] *Afi85t:i 0»«wtLrSE 

Mt:f^l4 0 k A/m^^SrEnSnL*:*^, ±fiEi: 
^«li4 7c[0]0tx/r-y >^tBtt»RtSRLfco 

[0 0 6 8 ] ffitt&RiK^Srfllffi-r&ttfl-t LT 

Z r , T i , B^, «tt&«(OiSfiD7C*4: LTT a. 
W, Hf, V. In, Si. RJ^It^i: Ltl 

[0 0 6 9] 2. 5<>fOfUW7^ 

h^7t7 ^f-^^ty -f XU^;vOiB(5cS: 

«S§-C5 0 y50i^±(7) If ti tzo 



(12) 
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t*»ib4r*att»R*3B*L<:o + Mn 
B i h r#H^«t'-C^/N , y * V > 

tz. *v»-C, MnB i J: C i: d^-f 4 *#CEBS *iT 
v^lg^-V-v h A r ^BSWT-X/n'-;' ? 

'J v^fcfiV, ffc«814T*Jg 1 21C5 0 nmf ?©| 

ttWRtisiRL^o -twft, mmifzmnmm* 4 0 0 10 

t;-C2B#HT--^L/- 0 -WffiSttJfRli. MnB i*' 

fc. iwattSRiipJc^UiftU MnB in* 

RoRW;£fri3 J: trRlBrt^lfiJ^att LXft&-f h Z\ t 

[0 0 7 0] JiB©»|4?Ml0>T EMBStff ofci: i 20 
H3Ua.fcfi4.fc *tfc 0 ifc, Mn 

b i att^jRfi^otpAfflKiinT; *«tte*to«jfi 

SfiE-raSSttx^-C&SMnisJi^B iffl^flil 0 

[ 0 0 7 1 ] C OlttSIOl^tf 1±*fflS£ L/c t Z 
Stt&^^&SrWLtSSSilH c t±*tJ 16 0k A/ 
nu ttftttfcl sliftlWb/m2 -Cfcofco ai4g?SI 
*TEM«»U MnBiCMWtlBLfcJ:; 30 

<D¥^Sfii 4 x i o-25 m 3 r-*o^ 0 $ 

OfiSieSli3-4 nmt', £ Of****" £SE?8SK L tz t 
$ <r>&.%.? y * * - <D¥-#)'&$) 5 0 n m<0 1/10 BIT 

(ft*©ft£) / (HOI?) i± 2 — 5 . 
^S^ftli 1 . 7-2. 6X105'J/m3 ffeot. 
ifc, MnBi «***!S?-<0tefi«jK»*14S:ffll* h 
A-*ifll5eK.t OjUSfc 8X105 J/m3 40 

[0 0 7 2] SSC> 2. 5-f>fOf^*t#7^ 

7,^7 h *7t7-ff- Srffl^TV 4 X U^;V<OjIlJ^5r 
o £ i % ; ±ie<75 ^ -f ft <0i§£- 1: is v > T t D C iiff * 

ttss-cs 07iiB\&±<om^mmt>titz o ™ 
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fc*ffittT»« 1 2±lCffitt£JS*i^-l fc#«tttt#2 

^H>TA r gH^Cf-CX^y ? 'J >rt?r\,\ ify* 
&K1 1 ±K#«ttT*Jl 1 2'«:3KjaUfc 0 
o P t , C r T a^i^'S i 9 — f v hSrfflV 1 , SSf 1 
0 %53-ffCOA r ?lft*T3 xra^^ 7^//<v? >J 
>r*ff^ *«ttT*»l 2±fC«8tt5$8l£j&l|gL 
fc. Cfi0at±»SIIi, C o P t C rT a7>'fb^^>att^ 

tzo ttz, £««tt»ll*:I*«H-«U CoPtCr 
T a 0**jM««lU»»S *»tt«*t««5 

-rac tfimmztitzo 

[0 0 7 3] ■±ffiW»tt»K»TEMW»S:fi : ofci:i 
15 Cijiibft&i -9 4«* J tt^$iX7to Co 
P t C r T a«t££**FF-.0**«Ki»v*-C\ *i6tt« 

SCoiiit/P t ottmii 1 SBHTtiof:, 5 
CcPtCrTatSi-Ni 0#ffifI«WffiBS;5J- 

fr^tzo zmt, CoPtCrTalMSfiftSi 
- N ^attestf £ «7?*S^ t Ik ft & ftffl *** 0 , a^iSK 

[0 0 7 4] i«0»tt*RW»««Ftt*ffll5EL^:i:i 

6, ffirta^*^rtt4-#L«a*H cli&2 0 0 kA/ 
m, g&«a-ftl s(i*^0. 8Wb/m2 X'h^tz 0 m± 
SI^TEMiSL,, C o P t C r Ta<0M«^ 

*ot, «t£&«JK^03F*Sj#»l±4 XI 0-25 m 3 T- 

T-OKMrt<75¥i^*ig(i 3 - 4 nmtii) , 

$Lffim«t L i: # <oa^, <7)¥-Wm<] 5 0 n m 

(li^fif) / (Sttwft?) i± 
2 - 5 , B^tSS^S^ttli 3. 4-5. 1X10 5 J / 
m3 X-botzo itz. C o P t C r T a i&fe&Jie^ 
^ H B e a*;S^tt * Birth * * i«3t l-i *) HI t-sfct; 
2X106 J / m 3 X-h-^tZo 

[0075] z<nm^.mm^i h'y^ymm.i-M'on 

^1 0-2n • c mJa±-C^o/: 0 i/^, i<7)^7 KWfE 



(13) 
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MHRT-^iJ^-C, ffigaBfl-ofifte&$&B s#0. 4 
T £18561-**:. «iS* 2 0 0 k A/m (2. 5k0 
e) ■Cli3t»4IEft* f -C*r. / -f X^'igfln U «-§■/ 
Jltflfc (S/NJt) *vhS<, fcSfSEiSWC 
fc„ a««#«5l&*naj|J»KB s**l TKEJg-f 

4i, y^X^'M^-L, S/NJt7&*8 d Bit*DL£o 
[0 0 7 6] ;08tt»R0«fiBllljSiTEM4rfflV'T 
tl^L^i ^S(;4 i @2 n itu SJ3n m§S<0 

£PS7> f #$fc£&i testis ?ft fco £«o*#$'l:J\ iSa 

[0 0 7 7] iO«tt»|Rt*i-4a*ffia«E«:^iBlft 
"^-t CoP tCr.Ta^ISRA^4S)8^IS 

ztLimmlxt n±z 

»WO«*IBJ*«E'f*:(ciJ»t&«ttWRUi3v»-c'li. RI* 

%\ztt.hZ ktfTZ SflJ.ar.Sr^rLTV^o 

[0 0 7 8] ±E<0«tt3»Roa5t»tt«riai±*.-**§ 
KT\ CoPt, C r T a. Si -Ofc-fctfS i ?-¥ 
S» 1 0.%MWA r #H^*T-4 tc(5]S# 

XT, CoPtCr T aati#Jl*£?-i: S i -N«I4 

[0 0 7 9] wO«tt»R«)«$C«Fl4«:aii£L/ji:- 
ffirt«jKJI*tt**L, «a*H c l±*&2 2 0 k A 
/rru l&ffiffifbl sliftO. 9Wb/m2 T-$>o^ 0 E3 
t4»K«)«*B=Sr««oaftfl-*f*:TEM«-J: OlTofcfc 
C o P t C r T afi8'l4^iK^-W4 I *au^v> 

■c, ^Itwoisxtfis s i fci^Nw^^ 
to si -N*i8tt«#o(f*a5i;iJv»-c, at* 

*«e^-*»jSi-*«tt5c*-c'*>4C oiS-fcc/P t 

1 SWtlTT-io^, Sfc, CoPtCrTa 
iSMSfifi S i -N*ate*#i:0#ffl1B*l-#E 
If A* : fF3EL-Ci3*K i^fliliCriS i 02 ^«btS 
asn-ci^:t* f fc*o/;„ :©CrtS 1O2 li, 
C o P t C r TaSMHSft S i -NiPSttSti: 

«*fiR^-<o«s«:tk*IWihi-4wi:izj:o-r, «a*£ 
[0 0 8 0] *ffi14C rT*®<OS6*S:3S-<S^4i)(:, 
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^v&ikmm < , tsa^i* 8 o k A/m, gAasiit 

[0 0 8 1 ] ±EO«£»R*fflv»fca*E«iifls:*. 

S*14*f-N*Lfco *1\ S i Oftfc") i:T i 

io ~ i^i-liftlEtl^ttco-T'n-t^T-C oPtCrTafi 
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JP Publication No. Hei-8-83418 

(54) [Title of the Invention] MAGNETIC RECORDING MEDIUM AND MAGNETIC 

RECORDING/REPRODUCING APPARATUS 

Comments: 

An object of the invention is to provide a magnetic recording medium which enables 
high density recording. The magnetic recording medium comprises a glass substrate 11 
and a magnetic thin film formed on the substrate 1 1 , wherein the magnetic thin film is 
constituted of a nonmagnetic base material 2 such as SK), and magnetic metal particles 2 
such as Co. Pt dispersed in the nonmagnetic base material 2 as shown m Fig. 1 . 

however, this reference does not teach or suggest a magnetoresistance effect device, 
which include a magnetoresistance effect film formed on a substrate, a pair of bias 
magnetic field applying films disposed adjacent to both edge portions of magnetic field 
detection portion of the magnetoresistance effect film and having a hard magnetic film 
containing Co and having a bi-crystal structure. 

Therefore, this reference should distinctly distinguished from the magnetoresistance 
effect device of the present application. 

Applicant has attached Partial English translation of JP Publication No, Hei-8-83418, 
as a reference. The translation Includes claims 1 -10 and embodiments 1 , 3 and 4 ere. 

Partial English Translation of JP Publication No. 08 - 8341 8 
What is claimed is: 

1 . A magnetic recording medium having a magnetic thin film consisting of magnetic 
metal particles and nonmagnetic base material, characterized in that a hardness of the 
nonmagnetic base material is higher than a hardness of the magnetic metal particles, the 
magnetic metal particles have shape magnetic anisotropy and crystal magnetic anisotropy, 
and a magnetic metal content of central parts between the magnetic metal particles in the 
base material is 20 atomic % or less. 



i 
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2. The magnetic recording medium according to claim 1 , wherein a content of structural 
elements of the nonmagnetic base material in the central parts of the magnetic metal 
particles is 20 atomic % or less. 

3. The magnetic recording medium according to claim 1 , wherein the magnetic metal 
particles is formed of at least one metal selected from Co, Pt, Sm, Fe, Ni, Cr f Mn, Bi f Al and 
alloys thereof. 

4. The magnetic recording medium according to claim 1 , wherein the nonmagnetic base 
material is formed of a compound represent by the general formula of M-G, or an allotropy 
of C, wherein M is at least one selected from Si, Al, Zr, Ti and B, G is at least one selected 
from O. N and C, 

5. The magnetic recording medium according to claim 1 , wherein a filling ratio of the 
magnetic metal particles to the nonmagnetic base material is 0.7 or less, 

6. The magnetic recording medium according to claim 1 , wherein the filling ratio of the 
magnetic metal particles is varied along the film thickness direction. 

7. The magnetic recording medium according to claim 1 f wherein an average grain 
diameter of the magnetic metal particles in a film plane is 1/1 0 or less of an average size of 
magnetic cluster at the time of AC demagnetization. 

8. The magnetic recording medium according to claim 1 r wherein an electric resistivity of 
the magnetic thin film is 10* £J .cm or more, 

9. A magnetic recording/reproducing apparatus comprising a magnetic recording 
medium comprising magnetic metal particles and a nonmagnetic base material, and a 
magnetic head which reproduces signals from the magnetic recording medium using the 
change of resistance by a magnetic field, 

wherein the magnetic recording medium is characterized in that a hardness of the 
nonmagnetic base material is higher than a hardness of the magnetic metal particles, the 
magnetic metal particles have shape magnetic anisotropy and crystal magnetic amsotropy, 
and a magnetic metal content of central parts between the magnetic metal particles in the 
nonmagnetic base material is 20 atomic % or less. 
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10. The magnetic reproducing/reproducing apparatus according to claim 9, wherein the 
magnetic recording medium is used in contact with the magnetic head. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention relates to a magnetic recording 
medium used in a magnetic tape, a magnetic disk and the likes, 
[Conventional Art] 

Problems to be solved in the Invention] The present invention is made to solve the above 
problems. An object is to provide a magnetic recording medium which enables a high 
density recording. 
[0008] 

[Means for solving the problems] The present invention Is to provide a magnetic 
recording medium having a magnetic thin film consisting of magnetic metal particles and 
nonmagnetic base material, wherein a hardness of the nonmagnetic base material is 
higher than a hardness of the magnetic metal panicles, the magnetic metal particles have 
shape magnetic anisotropy and crystal magnetic anlsotropy, and a magnetic metal content 
of central parts between the magnetic metal particles in the base material is 20 atomic % or 
less. 

[0009] In the magnetic recording medium of the present invention, the magnetic metal 
particles are magnetized in a predetermined direction according to the information 
corresponding to a magnetic recording system. A longitudinal recording, oblique recording 
and perpendicular recording are possible. Further the magnetic recording medium of the 
present invention can apply to a system in which a recording/reproducing head contacts to 
or float from the medium recording medium. 

[0058] 

[Embodiment of the Inventjon] We will describe the embodiments of the invention by 
using drawings, below. 
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(First embodiment) As below, using a sputtering method, on a glass substrate 1 1 , a 
magnetic thin film consisting of magnetic metal particles 1 and nonmagnetic base material 
2 was formed, as shown In Fig. 1 . That is, using a CoPt sputter target and a Si-0 target, a 
simultaneous dual sputtering was carried out in an Ar atmosphere of 1 Pa to form a 
magnetic thin film having a thickness of 50 nm. The magnetic thin film was consisted of 
magnetic metal particles of CoPt and nonmagnetic base material of Si -O The 
nonmagnetic base material has a composition closed to Si0 2l and has a Vickers hardness 
of 2GPa in a bulk state. Further, the magnetic thin film was immersed in a liquid of nitric 
acid and hydrochloric acid to selectively dissolve only CoPt. As the result, only the portion 
of nonmagnetic base material was remained while keeping the original shape. Thus, it was 
confirmed that the nonmagnetic base material continuously presents both in film thickness 
direction and in plane direction. 

[0059] The above magnetic thin film was observed using TEM. Thus an image shown in 
Fig, 5 was observed. And in the central part of the CoPt magnetic panicles, the content of 
Si and O, which are structural elements of the nonmagnetic base material, was 5 atomic % 
or less. Further, in the specific region of Si - O nonmagnetic base material, the content of 
Co, which is a magnetic element constituting the magnetic metal particles, was 5 atomic % 
or less. And as the result of detailed analysis of composition, it was found that an interface 
region between CoPt and Si-0 consists of a Co - O phase. The Co - O phase has function 
which increases the bonding of the CoPt magnetic metal particles and Si-0 nonmagnetic 
base material. Thus, the stiffness of whole magnetic thin film is improved, thereby the 
durability as a magnetic recording medium being improved. 

(Third embodiment) As below, using a sputtering method, on a soft magnetic under layer 
12 formed on a glass substrate 11 , a magnetic thin film consisting of magnetic metal 
particles 1 and nonmagnetic base material 2 was formed, as shown in Fig. 2. First, using a 
MnBi target, sputtering was carried out in an Ar gas atmosphere to form a soft magnetic 
layer 1 2 on the glass substrate. Next, using a complex target in which MnBi and C are 
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disposed in a mosaic state, a sputtering was carried out under an Ar atmosphere of 1 Pa to 
form a magnetic thin film having a thickness of 50 nm on the soft magnetic under layer 12. 
Thereafter, deposited magnetic film was annealed at 400°C for 2 hours. The magnetic thin 
film was consisted of magnetic metal particles of MnBi and nonmagnetic base material of C, 
By the structure analysis, it was found that C constituting the nonmagnetic base material 
was a diamond-like carbon. Further, the magnetic thin film was immersed in a liquid of nitric 
acid and hydrochloric acid to selectively dissolve only MnBi. As the result, only the portion 
of nonmagnetic base material was remained while keeping the original shape. Thus, it was 
confirmed that the nonmagnetic base material continuously presents both in film thickness 
direction and in plane direction. 

[0070] TEM observation of the above magnetic thin film was conducted- As the result, an 
image shown in Fig. 3 was observed. Further, in the central part of the MnBi magnetic 
metal particles, the content of C which is a structural element constituting the nonmagnetic 
base material was 1 0 atomic % or less. And in the specific region of nonmagnetic base 
material of C, the content of Mn and Bi which are magnetic elements constituting the 
magnetic metal particles was 1 0 atomic % or less. 

(Fourth embodiment) Using the following sputtering method, on a nonmagnetic under 
layer 12 formed on a glass substrate 11 , a magnetic thin film consisting of magnetic metal 
particles 1 and a nonmagnetic base material 2 was formed. First, using a Or target, 
sputtering was carried out under an Ar atmosphere to form the nonmagnetic under layer 1 2 
on the glass substrate 11 . Next, using a CoPt target, a CrTa target and a Si target, 
simultaneous triple bias-sputtering was carried out in an Ar atmosphere having 1 0% partial 
pressure of nitrogen to form the magnetic thin film on the nonmagnetic under layer 1 2. The 
magnetic thin film was constituted of magnetic metal particles consisting of CoPtCrTa and 
nonmagnetic base material consisting of Si-N. The magnetic thin film was immersed In a 
liquid of nitric acid and hydrochloric acid to selectively dissolve only CoPtCrTa. As the 
result, only the portion of nonmagnetic base material was remained while keeping the 
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original shape. Thus, it was confirmed that the nonmagnetic base material continuously in 
a film thick direction and in plane direction. 

[0073] TEM observation of the above magnetic thin film was conducted. As the result, an 
image shown in Fig. 5 was observed. Further, in the central part of the CoPtCrTa magnetic 
metal particles, the content of Si and N which are structural elements constituting the 
nonmagnetic base material was 5 atomic % or less. And in the specific region of 
nonmagnetic base material of Si-N. the content of Co and Pt which are magnetic elements 
constituting the magnetic metal particles was 1 atomic % or less. And as the result of 
detailed analysis of composition in an interface region between CoPtCrTa and Si-N, it was 
found that very thin Cr phase exists. The existence of the thin Cr phase has function which 
increases the bonding of the CoPtCrTa magnetic metal particles and Si-N nonmagnetic 
base material. Thus, the stiffness of whole magnetic thin film is improved, thereby the 
durability as a magnetic recording medium being improved. Further, the composition 
modulation structure is induced, thereby the magnetic properties , particularly, coercive 
force being improved. 
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